All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

Numbering nearly 1.8 billion, more adolescents populated the earth than at any previous time in history \[[@pone.0230046.ref001]\]. In the World Health Organization (WHO) Western Pacific Region, one in five people (235 million) are adolescents \[[@pone.0230046.ref002]\]. While maternal and under-five mortality had decreased by around half, adolescent mortality has remained stagnant. Globally, an estimated 1.3 million adolescents died in 2012 from preventable causes such as road injuries, HIV/AIDS, suicide, lower respiratory infections and interpersonal violence \[[@pone.0230046.ref002]\]. Thus, as countries focused on limiting preventable deaths among women and children for the Millennium Development Goals, Sustainable Development Goal 3.15 requires us to also focus on adolescents \[[@pone.0230046.ref002]\]. Adolescence is a period of experimentation and maturation. It is a time of physical, psychological, and social transitions from childhood to adulthood. Many unhealthy habits driving the non-communicable disease epidemic begin in adolescence. Thus, establishing healthy habits in adolescence is critical.

Today's generation of adolescents faces a different world from what their parents and grandparents had. New political, economic, educational, technological and religious realities shape the world in which adolescents today live. They change the way adolescents transition from childhood to adulthood \[[@pone.0230046.ref003]\]. Understanding how to best support adolescents to have a healthy and smooth transition, we need to understand both how the transitions occur and how the external forces interact with the transitions.

The Lancet Commission has recommended the development and practice of effective evidence-based policies and interventions to reduce the burden of adolescent mortality and morbidity worldwide \[[@pone.0230046.ref004]\]. As adolescents spend a large proportion of their time at schools, they should be an important place to support adolescent health and development. In 2013, the net enrollment rate of primary and secondary school in the Western Pacific Region was 94.3% and 78.5% respectively \[[@pone.0230046.ref005]\]. Thus, schools have the potential to reach a vast majority of adolescents and school health education has the potential to positively impact a large proportion of youth who rarely visit health facilities. In low-and middle-income countries, school health is additionally cost-effective, and improves the effectiveness of their general education \[[@pone.0230046.ref006]\]. For these reasons, school-based health interventions become a major area of focus for the WHO.

Since its launch in 1995, the WHO\'s Global School Health Initiative has sought to mobilize and strengthen school health programs globally. In effect, school health programs should strive to formulate health policies and provide safe and healthy environments, health education, and health services including screening for various conditions and behaviours. However, existing evidence on the impact of school health programs on adolescent health and development is limited. Currently, countries use the global school-based student health survey (GSHS), a national level surveillance project designed to help them measure and assess the behavioural risk and protective factors in 10 key areas among young people aged 13 to 17 years. However, data on school health service implementation and utilization is not well collected. A WHO Cochrane review, which synthesized 67 cluster trials on school health-promoting interventions, found little or no evidence of effectiveness in reducing obesity, fat intake, alcohol use, drug use, mental health problems, violence or bullying. Furthermore, 88% of the identified trials came from high-income countries \[[@pone.0230046.ref007]\]. Another review presented a global overview of school health service using data from 102 countries. However, 71.6% of interventions came from high-and upper-middle-income countries, and no interventions were reported addressing important causes of mortality and ill health in adolescents as listed above \[[@pone.0230046.ref008]\]. A scoping review of 30 school-based health interventions in developing countries found significant increase in knowledge, beliefs and intentions, but no improvement in health behaviors and outcome \[[@pone.0230046.ref009]\]. Shackleton et al conducted a systemic review of 22 reviews on school-based health interventions and found 77% of them were conducted in the United States. The authors found little evidence that interventions such as sexual-health clinics, anti-smoking policies and other approaches targeting at-risk students were effective \[[@pone.0230046.ref010]\]. None of the above mentioned literature focuses only on adolescents.

In 2015, The United Nations (UN) extended the existing Every Women, Every Child agenda to include adolescents through the Global Strategy for Women's, Children's and Adolescents' Health. This strategy called for evidence-based interventions to address the health and developmental needs of adolescents. Since nearly 90% of adolescents live in low- and middle-income countries (LMICs)\[[@pone.0230046.ref001]\], it is therefor critical to invest more in health to meet their needs. A recently published Lancet article highlighted the need to focus on screening, counseling and treating adolescents for common morbidities and risk behaviors that had long-term impact on well-being \[[@pone.0230046.ref011]\]. Member states in the WHO Western Pacific Region have raised demands for evidence-based interventions that can guide national actions. However, we found no systematic reviews of school-based interventions for adolescents in the Region. We conducted this review to describe the characteristics and identify effectiveness of school-based intervention and facilitating factors for successful intervention to promote adolescent health in low and middle income countries of WHO Western Pacific Region.

Methods {#sec006}
=======

Criteria for considering studies for this review {#sec007}
------------------------------------------------

### Types of interventions {#sec008}

Health related interventions in primary or secondary schools were included, such as health promotion, screening for health and psychosocial conditions, creating safe and nurturing learning environments. Studies addressing any of these interventions were included. In some instances, interventions were implemented in community and home settings as well as the school, but only the component for schools was included.

### Types of studies {#sec009}

Due to the limited availability of randomized controlled trials (RCTs), both RCTs and non-RCTs were included in this review. Non-RCTs had at least pre-and post-test to evaluate the effects of the intervention.

### Types of participants {#sec010}

Studies that included school-attending adolescents between the ages of 10 to 19 years were included. Some studies included young children in the intervention (e.g. 6 to 18 years) but we included only those over 10 in the analysis where the data was available.

### Countries of focus {#sec011}

Studies conducted in countries and areas in the Western Pacific Region were included in this review. The primary focus was low-and middle-income countries, as defined by the World Bank. These countries included Cambodia, China, Fiji, Kiribati, Lao PDR, Malaysia, Marshall Islands, Federated States of Micronesia, Mongolia, Palau, Papua New Guinea, the Philippines, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, and Viet Nam. The second search included all LMICs globally within the education database (ERIC).

### Types of outcome measures {#sec012}

The range of topics included in the review included two categories, based on the health promotion framework whereby health is promoted throughout the whole school environment \[[@pone.0230046.ref007]\]: 1) Health and behaviour outcomes; and 2) School environment and academic outcomes. Studies were excluded if they did not present any outcome measures as mentioned below. Specifically, interventions that only focused on health-related knowledge and attitude in the absence of impact on health, behaviour, school environment or academic achievement were excluded.

1\) Health and behaviour outcomes included:

Obesity, overweight or body size per body mass index, height-for-age, weight-for-age, and weight-for-height z-scores; self-reported levels of physical activity or sedentary behaviours; self-reported food intake (consumption of fruits and vegetables, high fat or sugar foods), indicators of specific nutritional deficiencies (iron, iodine, and vitamin A deficiencies), disordered eating habits; incidence of diarrhoea, cold or influenza, pneumonia, skin disease, worms, head lice; incidence of traffic accidents or other accidents or injuries in school or at home; oral health (e.g., decayed, missing or filled teeth index), self-reported dental hygiene behaviours such as regular tooth brushing; self-reported use of cigarettes or other tobacco products, alcohol or other drugs (legal or illegal); incidence of sexually transmitted infections, pregnancy or abortion, self-reported use of condoms or other contraception, abstinence or delaying of sexual intercourse; well-being or quality of life, incidence of self-harm or suicide, self-reliance, coping skills, learning engagement self-esteem, depression, family connectedness, peer support; self-reported violence (for example, got into a fight); self-reported incidence of being bullied or bullying others.

2\) School environment and academic outcomes included:

Academic scores, dropout rate, attendance rate; change of number of water and sanitation facilities, health-related school policies; ratings of school climate, attachment to school, satisfaction with school, change of school curriculum.

An example of the detailed search strategies is shown in Supporting Information ([S1 Table](#pone.0230046.s001){ref-type="supplementary-material"}).

Search strategy {#sec013}
---------------

### Electronic search {#sec014}

The search strategy followed the Cochrane Collaboration methodology for conducting a comprehensive search of the literature \[[@pone.0230046.ref012]\]. We used a combination of four categories of searching terms, including school base (i.e. school, student, classroom, college), adolescent (i.e. adolescent, child, young people), name of WPRO LMI Countries, and intervention study (i.e. intervention, trial, program). The detailed search strategy is listed in Appendix 1. The first search was conducted in September 2015 and the second search in March 2019. Publications from January 1995 to March 2019 were included. Studies were not excluded on the basis of language. Four electronic health and medicine databases were initially searched: Cochrane Central Register of Controlled Trials (CENTRAL), PubMed, Social Science Citation Index (Web of Knowledge), and Western Pacific Region Index Medicus (WPRIM). The Education Resources Information Centre (ERIC) database was searched in both rounds of search for all studies in LMICs.

### Searching other resources {#sec015}

Additional literature was identified by searching the Google Scholar, the excluded meta-analysis or review papers, and the reference lists of included studies. Experts in the field of adolescent health and school-based intervention were also contacted with a view to seeking additional references.

Data collection and analysis {#sec016}
----------------------------

### Selection of studies {#sec017}

All citations were downloaded into Online Endnote. Duplicate titles were eliminated. Two reviewers screened titles, abstracts, and lastly full texts based on the criteria for considering studies for this review. Disagreements were resolved through discussion between the two reviewers. In the advent disagreement remained, a third person was available to arbitrate.

### Data extraction and management {#sec018}

Two reviewers independently completed standardized data extraction forms. Information extracted included: 1) First author, country or area, and year of publication; 2) Setting: public versus private school, rural versus urban, level of school (primary, secondary), size of school; 3) Participants: sample size, age, gender (for both intervention and control populations, where applicable); 4) Study design (RCT, non-RCT); 5) Intervention characteristics (health focus, duration, content and activities, both intervention and control population, if applicable); 6) Health topics of concern; 7) Outcome measures (subjective or objective measures, short term or long term, effect size, if applicable); 8) Lessons learnt.

### Assessment of risk of bias in included studies {#sec019}

We assessed risk of bias within each study using the tool adapted from the Cochrane Handbook for Systematic Reviews of Interventions. Two reviewers independently judged the likelihood of bias in the following five domains.

1\) Selection bias: systematic differences between baseline characteristics of the groups that are compared; 2) Performance bias: systematic differences between groups in the care that is provided, or in exposure to factors other than the interventions of interest; 3) Detection bias: systematic differences between groups in how outcomes are determined; 4) Attrition bias: systematic differences between groups in withdrawals from a study. Withdrawals from the study lead to incomplete outcome data. Attrition refers to situations in which outcome data are not available; 5) Reporting bias: Systematic differences between reported and unreported findings.

### Measure of treatment effect {#sec020}

No calculations were performed. All data was presented in the format mean and standard deviation (SD) with 95% confidence intervals (CI), if provided. Results with P\>0.05 were reported as not significant.

Data synthesis

Each study was summarized and described according to variables such as type and activities of intervention, targeted population, follow-up and outcome effects. Common components of interventions were summarized and grouped. Lessons learnt from each study in terms of intervention implementation were identified. Effective interventions and implementation approaches for different health issues were summarized for consideration in scale-up.

Patient and public involvement {#sec021}
------------------------------

This research was done without patient and public involvement.

Results {#sec022}
=======

Selection of studies {#sec023}
--------------------

The initial database search identified 3791 articles of which 3534 were excluded based on title and abstract screening. Expanding the search using the ERIC database to all LMICs globally yielded no additional articles that met the inclusion criteria. This left 257 full-text articles that were assessed for eligibility. Eight articles met the eligibility criteria for inclusion in the review ([Fig 1](#pone.0230046.g001){ref-type="fig"}). Although we tried to focus on school literature, all eight articles were published in health-related journals (two in Health Promotion International, one in AIDS, one in the Journal of Adolescent Health, one in Addictive Behaviors, one in International Journal of Epidemiology, one in Journal of Psychiatry and one in Malaysia Journal of Medical Science).

![Search and selection process of the articles.](pone.0230046.g001){#pone.0230046.g001}

Study overview {#sec024}
--------------

### Study characteristics {#sec025}

Studies included in the review took place in China \[[@pone.0230046.ref013]--[@pone.0230046.ref016]\], the Philippines \[[@pone.0230046.ref017]\], Mongolia \[[@pone.0230046.ref018]\], Cambodia \[[@pone.0230046.ref019]\], and Malaysia \[[@pone.0230046.ref020]\]. Of the eight studies, three \[[@pone.0230046.ref013], [@pone.0230046.ref017],[@pone.0230046.ref020]\] were cluster randomized controlled trials (CRCT), with schools in the study districts being randomly selected either for the intervention or the control group. The other five were non-randomized controlled trial (NRCT). In these studies, a convenient sampling method was used to select schools, based on the willingness of schools to participate, or the availability of school resources to implement the programme. Health topics of interventions included HIV/AIDS and sexual behaviors \[[@pone.0230046.ref017], [@pone.0230046.ref018]\], de-worming \[[@pone.0230046.ref015]\], nutrition \[[@pone.0230046.ref014]\], tobacco use \[[@pone.0230046.ref013],[@pone.0230046.ref016]\], suicide \[[@pone.0230046.ref019]\], and obesity \[[@pone.0230046.ref020]\]. One study was funded by WHO \[[@pone.0230046.ref015]\], four by research foundations \[[@pone.0230046.ref013], [@pone.0230046.ref016], [@pone.0230046.ref017], [@pone.0230046.ref019]\], one by university grants \[[@pone.0230046.ref018]\]. Two study reported no funding sources \[[@pone.0230046.ref015],[@pone.0230046.ref020]\]. The detailed information of the included studies is shown in Supporting Information ([S2 Table](#pone.0230046.s002){ref-type="supplementary-material"}).

### Participants\' characteristics {#sec026}

The eight studies that were included had 18,774 total participants with a sample size ranging from 97 to 4277. Five studies \[[@pone.0230046.ref013], [@pone.0230046.ref014], [@pone.0230046.ref016], [@pone.0230046.ref017],[@pone.0230046.ref020]\] reported the average age of participants. One study \[[@pone.0230046.ref018]\] only reported the age range (15--19 years old) of students. Data stratified by age group was not provided in one study \[[@pone.0230046.ref015]\] containing both primary (6--12years old) and secondary (12--15years old) school students. One study only reported the participants as high school and secondary school students \[[@pone.0230046.ref019]\]. All studies included both sexes but data on distribution by sex was not available in three studies \[[@pone.0230046.ref014], [@pone.0230046.ref015], [@pone.0230046.ref017]\]. Of the five studies which reported distribution by sex, four \[[@pone.0230046.ref013], [@pone.0230046.ref016], [@pone.0230046.ref019], [@pone.0230046.ref020]\] had slightly more male than female respondents. The nutrition study was conducted in urban schools, and the de-worming study in rural schools. The area of the other three studies was not reported. One study was conducted in both public and private schools \[[@pone.0230046.ref016]\] and the others were done in government or public schools.

### Intervention characteristics {#sec027}

Five studies \[[@pone.0230046.ref013], [@pone.0230046.ref014], [@pone.0230046.ref015], [@pone.0230046.ref016], [@pone.0230046.ref018]\] focused on the long-term results of the intervention, with the intervention duration ranging from 12 to 36 months. One study \[[@pone.0230046.ref019]\] focused on medium-term intervention with the duration of six months and two focused on short-term interventions of 6 to 12 weeks \[[@pone.0230046.ref017],[@pone.0230046.ref020]\]. Three studies \[[@pone.0230046.ref013], [@pone.0230046.ref014], [@pone.0230046.ref015]\] employed the Health Promoting School Framework in their interventions, which included health policy, health curriculum, health environment, and health skills training in the intervention package. One study used the PRECEDE-PROCEED framework in intervention design. The other studies only used peer-or teacher-led health skill training. Two studies focused on multiple risk behaviors such as sexual behaviors and alcohol or drug use \[[@pone.0230046.ref013]\], hand washing, eating and exercise behaviors \[[@pone.0230046.ref015]\]. Six studies only addressed single behaviors. None of the eight studies focused on screening for health conditions. All studies focused on health promotion interventions (e.g. behavior change, infectious diseases), with two of them \[[@pone.0230046.ref014], [@pone.0230046.ref015]\] also addressing safe learning environments (water and sanitation facilities).

Components of interventions {#sec028}
---------------------------

### Health education and training {#sec029}

All studies employed training and educational activities to change the knowledge, attitude and behaviors of students. Peer-education/peer-influence module was used in three studies \[[@pone.0230046.ref013], [@pone.0230046.ref016], [@pone.0230046.ref018]\]. The other studies provided training via teachers or professionals (psychologists, nurses), one of which used the web-based interactive tools for the training \[[@pone.0230046.ref020]\]. The authors noted that gender- \[[@pone.0230046.ref019]\] and culture-specific \[[@pone.0230046.ref013]\] interventions might lead to better results and that peer activities in small group and informal formats \[[@pone.0230046.ref018]\] were more effective than in big and formal classes. Two studies \[[@pone.0230046.ref015], [@pone.0230046.ref016]\] incorporated health education curriculum into routine teaching agenda. Two other studies \[[@pone.0230046.ref014], [@pone.0230046.ref017]\] noted that health education should be established as a regular element of the curriculum.

### Health-related school polices {#sec030}

Four studies looked at development of health-related school policies or regulation \[[@pone.0230046.ref013]--[@pone.0230046.ref016]\]. These policies ensured the concepts of HPS be accepted by government officials and community members \[[@pone.0230046.ref014]\], helped to integrate interventions into regular school curricula and community programs \[[@pone.0230046.ref012],[@pone.0230046.ref015],[@pone.0230046.ref016]\] and promoted funding to change school psychosocial environment \[[@pone.0230046.ref014]\]. In one study, schools established a working group comprised of the principal, teachers, parents, and community leaders to oversee the implementation of school policy \[[@pone.0230046.ref014]\]. In two other studies, tobacco control committees headed by the school principal were set up and regulations against smoking were set within the school \[[@pone.0230046.ref013], [@pone.0230046.ref016]\].

### Changing school environment {#sec031}

In the three studies that employed the Health Promoting School framework, the school environment was reported to have improved. Schools in two studies renovated their grounds, improved the latrines and enhanced water supply facilities \[[@pone.0230046.ref014], [@pone.0230046.ref015]\]. Schools in the third study \[[@pone.0230046.ref016]\] simply placed non-smoking signs in the schoolyard. Authors in these three studies all believed these environmental changes do not only make the schools safer and healthier, but also contributed to the sustainability of the interventions.

### Close collaboration among health and other sectors {#sec032}

All studies mentioned the importance of cooperation and coordination among health and other sectors. For example, both the HIV/AIDS and STD studies noted the importance of involving community religious sectors in developing training materials \[[@pone.0230046.ref013],[@pone.0230046.ref016]\]. Both the de-worming and nutrition studies worked with municipal administration sectors to improve the latrines and water supply in the schools \[[@pone.0230046.ref014],[@pone.0230046.ref015]\]. Two studies \[[@pone.0230046.ref013], [@pone.0230046.ref015]\] noted this collaboration was a requirement for the success of school-based interventions. In two studies, the involvement of the community, especially parents, was also noted as an important facilitator of successful implementation \[[@pone.0230046.ref013], [@pone.0230046.ref017]\].

### Scaling up to schools at the local and prefectural level {#sec033}

The authors of three studies \[[@pone.0230046.ref014], [@pone.0230046.ref015], [@pone.0230046.ref019]\] analyzed the possibility of scaling up the intervention. Scaling up of the deworming intervention was possible if the concept of HPS was acceptable to government officials \[[@pone.0230046.ref012]\]. School-based program working group comprised of the headmaster, teachers, parents and community leaders contributed to the scaling up of the nutrition intervention \[[@pone.0230046.ref013]\]. The Cambodia study focused on suicide prevention. Teachers who were engaged in the programme valued the process used in this intervention. The authors believed that if teachers were involved at early stage of programming and appreciate the process, then scaling up to national level may be possible \[[@pone.0230046.ref017]\]. In the China study on health promoting schools that focused on nutrition, the model was already expanded to 51 schools, representing about 93,000 students. Also, the curriculum content was expanded to cover all major adolescent health and development issues \[[@pone.0230046.ref020]\]. However, no impact evaluation of the change of health and academic performance was done.

### Facilitating factors in implementing the interventions {#sec034}

A further extraction and synthesis of the intervention components revealed the facilitating factors of effective school health interventions. While health professionals play a key role in implementing health promoting programs, the involvement of communities, parents, teachers and principals is a facilitating factor for success. Supportive school environment and policies, including intervention contents into school curriculum are also preconditions for a successful intervention. When developing training materials, culture and gender factors should be considered. Students participation and skill-based education seem to be more effective approaches than health education classes or lectures given by teachers ([Table 1](#pone.0230046.t001){ref-type="table"}).

10.1371/journal.pone.0230046.t001

###### Facilitating factors in implementing the interventions.

![](pone.0230046.t001){#pone.0230046.t001g}

  Citation                       Precondition   Stakeholder involvement   Approach   Content                           
  ------------------------------ -------------- ------------------------- ---------- --------- --- --- --- --- --- --- ---
  Aplasca et al., 1995                          ●                         ●          ●         ●   ●           ●   ●   ●
  Xu et al., 2000                ●                                                   ●         ●   ●       ●       ●   
  Xia et al., 2004               ●              ●                         ●          ●         ●   ●                   
  Cartagena et al., 2006                                                  ●                        ●   ●   ●       ●   
  Wen et al., 2010               ●                                        ●          ●         ●   ●   ●   ●   ●       
  Chen et al., 2014              ●                                                                 ●   ●   ●   ●       ●
  Jegannathan et al., 2014                      ●                                              ●   ●               ●   ●
  Mohammed Nawi A et al., 2015                                                                     ●       ●           ●

Effects of interventions {#sec035}
------------------------

All studies compared the effects at pre-and post-intervention or between the intervention and control groups. All studies reported significant knowledge and attitude changes. One study reported an 82.9% decrease in the multi-parasitism rate of helminth infection and 80.7% reduction of environment egg contamination \[[@pone.0230046.ref015]\]. One study reported a positive effect on handwashing behaviors (i.e. \'washing hand before eating\' increased from 66.4% to 89.8% and \'washing hand after using toilet\' increased from 87.5% to 93.6%) \[[@pone.0230046.ref014]\]. One study detected a significant behavioural change (condom use during sexual intercourse) but only in a sub-group of participants \[[@pone.0230046.ref018]\]. The Malaysia study reported no significant reduction on BMI, waist circumference, and body fat percentage after the 12 weeks obesity intervention \[[@pone.0230046.ref020]\].Three studies that employed the Health Promoting School framework reported qualitative data on changes in school policies and environment ([Table 2](#pone.0230046.t002){ref-type="table"}).

10.1371/journal.pone.0230046.t002

###### Summary of evidence.

![](pone.0230046.t002){#pone.0230046.t002g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Citation                       Country       Study design[\*](#t002fn001){ref-type="table-fn"}   Participants                                                                                                      Health topics   Intervention and\                                                                                                                                                                      Outcome measures                                                                                                           Results
                                                                                                                                                                                                                                     control group                                                                                                                                                                                                                                                                                                     
  ------------------------------ ------------- --------------------------------------------------- ----------------------------------------------------------------------------------------------------------------- --------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Aplasca et al., 1995           Philippines   CRCT                                                804 high school students (420 intervention, 384 control)\                                                         AIDS            [Intervention]{.ul}: Teacher-led AIDS training programme\                                                                                                                              AIDS-related knowledge, attitudes; sexual behaviors and alcohol and drug use.                                              The difference of changes in mean scores of AIDS knowledge is +0.45 (AIDS biology), +0.93 (transmission) and +0.41 (prevention), with P\<0.01. There was no statistically significant overall effect on intended preventive behavior.
                                                                                                   Age: 13--16, average age is 14.7 in intervention and 14.9 in control.                                                             [Control]{.ul}: No specific activities.                                                                                                                                                                                                                                                                           

  Xu et al., 2000                China         NRCT                                                4063 intervention and 1050 control.\                                                                              Deworming       [Intervention]{.ul}: Examination and treatment of helminth infection, health education, improvement of physical environment, school policies and regulations\                          Knowledge & behaviors; prevalence of helminth infection; environmental egg contamination, School policy and environment.   Knowledge passing rate increased from 10.9% to 82.7% (P\<0.005); behavior (--); multi-parasitism rate decreased from 42.8% to 7.3% (P\<0.01); egg contamination rate declining by 80.7% (P\<0.01);policy (+); Environment(+)
                                                                                                   Age: 6--12 for primary and 12--15 for secondary.                                                                                  [Control]{.ul}: Examination and treatment of helminth infection                                                                                                                                                                                                                                                   

  Xia et al., 2004               China         NRCT                                                4277 at baseline, 3346 at final evaluation.\                                                                      Nutrition       [Intervention]{.ul}: School-based working groups, nutrition training for school staff and students, student competitions, health promotion activities\                                 Knowledge, attitudes & behaviors, school policy, school environment.                                                       Knowledge of \"nutrient-rich foods\" increased from 36.0% to 59.6%(P\<0.01).Awareness: the importance of eating three adequate meals each day increased from 50.0% to 86.6% (P\<0.01).Washing hands before eating increased from 66.4% to 89.8% (P\<0.01), \"washing hands after using toilet\" increased from 87.5% to 93.6% (P\<0.01);policy (+);environment(+)
                                                                                                   Average age intervention group 13.7, and 13.6 in control group.                                                                   [Control]{.ul}: No specific activities.                                                                                                                                                                                                                                                                           

  Cartagenaet al., 2006          Mongolia      NRCT                                                320 interventions (M = 43%, F = 57%); 327 control (M = 43.5%, F = 56.5%).\                                        HIV &SRH        [Intervention]{.ul}: Peer education on HIV &SRH\                                                                                                                                       Knowledge, attitudes, self-confidence & behaviors.                                                                         Small group peer education was more effective for knowledge (RI 5.03; 95% CI 3.08--8.21), attitude (RI 2.73; CI 95% 1.42--5.27), self-efficacy (RI 10.64,CI 8.59--13.19) and practice (OR 3.80, CI 95% 2.26--6.41)
                                                                                                   Secondary school, ages 15--19                                                                                                     [Control]{.ul}: No specific activities                                                                                                                                                                                                                                                                            

  Wen et al., 2010               China         NRCT                                                2343 7th and 8th grade students, control (1004) and intervention (1339). Boys accounts for 52.1%, girls 45.9%.\   Tobacco use     [Intervention]{.ul}: PRECEDE-PROCEED model intervention using socio-ecological framework.\                                                                                             Knowledge, attitudes & behaviours (ever or regular smoker)                                                                 Knowledge increased, with the effect size being 0.32 in 7th cohort (P\<0.001) and 0.41 in 8th cohort (P\<0.001). Reduced the probability of baseline experimental smokers' escalating to regular smoker (7.9 vs 18.3%; adjusted odds ratio (OR) 0.34, 95% CI = 0.12--0.97), but did not reduce the probability of baseline non-smokers' initiating smoking (7.9 vs10.6%; adjusted OR 0.86, 95% CI = 0.54--1.38). Did not reduce the probability of smoking initiation (P\>0.05).
                                                                                                   Average age was 13.4.                                                                                                             [Contro]{.ul}l: Basic once-a-year health curriculum.                                                                                                                                                                                                                                                              

  Chen et al., 2014              China         CRCT                                                709 Linzhi Tibetan (349 interventions, 360 controls) and 1098 Guangzhou Han (592 interventions, 506 controls).\   Tobacco use     [Intervention]{.ul}: Health policy in school; health environment in school and personal health skills.\                                                                                Knowledge, attitudes & behaviors, school policy, school environment.                                                       Knowledge increased in Tibetan (β = 1.32, 95% CI (0.87--1.77) and Han groups (β = 0.47, 95% CI (0.11--0.83); attitudes toward smoking increased in Tibetan (β = 1.47, 95% CI (0.06--2.87)) but not in Han (β = −0.33, 95% CI (−1.68--1.01).Policy (+); environment (+).
                                                                                                   Average age was 14.5±1.1 years, 50.4% were boys.                                                                                  [Control]{.ul}: No specific activities.                                                                                                                                                                                                                                                                           

  Jegannathan et al., 2014       Cambodia      NRCT                                                168 interventions (M = 92, F = 76); 131 control (M = 53, F = 78).\                                                Suicide         [Intervention]{.ul}: Life skill modules related to suicidal behaviors.\                                                                                                                Attitude, life skills development scale.                                                                                   Among high-risk boys, a small to moderate effect size on depressed (ES = 0.40), attention problems (ES = 0.46), aggressive behaviour (ES = 0.48) and externalizing syndrome (ES = 0.64). Cohen\'s D: 0.2 = small effect, 0.5 = moderate effect, 0.8 = large effect
                                                                                                   Secondary school, young people, data on age not available.                                                                        [Control]{.ul}: Three lessons on health, hygiene and nutrition                                                                                                                                                                                                                                                    

  Mohammed Nawi A et al., 2015   Malaysia      CRCT                                                47 intervention (M = 25, F = 22); 50 control (M = 30, F = 20).\                                                   Obesity         [Intervention]{.ul}: Website based obesity information, interactive toolbar in the website for discussion and comments. Respondents were also advised to measure BMI every 2 weeks.\   BMI, waist circumference, Body fat, quality of life score                                                                  No significant reduction in BMI, waist circumference, and the body fat percentage between the intervention and control groups. The effect sizes of the reduction were too small (0.09, 0.11, and 0.09 for BMI, waist circumference and body fat percentage).
                                                                                                   All participants were 12 years old.                                                                                               [Contro]{.ul}l: printed materials on the same information as in website.                                                                                                                                                                                                                                          
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*CRCT = Cluster Randomized Controlled Trial, NRCT = Nonrandomized Controlled Trial.

Risk of bias in the included studies {#sec036}
------------------------------------

Selection bias included an assessment of both adequate sequence generation and allocation concealment. Five studies were assessed as having high risk of selection bias. Five studies were assessed as having unclear risk of detection bias because there was no blinding of participants. For the three studies that employed CRCT design, we assessed them as being at low risk of bias for random sequence generation and allocation concealment. The others were convenience samples of school and were assessed to have high risk of selection bias. Seven studies only evaluated self-reported indicators, so the risk of detection bias was unclear. Only one study reported laboratory examination results and was assessed as having low risk of detection bias \[[@pone.0230046.ref015]\] ([Table 3](#pone.0230046.t003){ref-type="table"}).

10.1371/journal.pone.0230046.t003

###### Risk of bias evaluation table[\*](#t003fn001){ref-type="table-fn"}.

![](pone.0230046.t003){#pone.0230046.t003g}

  Citation                       Selection bias   Performance bias   Detection bias   Attrition bias   Reporting bias   
  ------------------------------ ---------------- ------------------ ---------------- ---------------- ---------------- ----
  Aplasca et al., 1995           --               --                 --               ?                \+               --
  Xu et al., 2000                \+               \+                 ?                --               --               \+
  Xia et al., 2004               \+               \+                 ?                ?                --               --
  Cartagena et al., 2006         \+               \+                 ?                ?                --               --
  Wen et al., 2010               \+               \+                 --               ?                --               --
  Chen et al., 2014              --               --                 --               ?                --               --
  Jegannathan et al., 2014       \+               \+                 ?                ?                --               ?
  Mohammed Nawi A et al., 2015   --               --                 ?                ?                --               --

^**\***^Categories for risk of bias are as follows: low risk of bias (--), unclear risk of bias (?), high risk of bias (+).

Discussion {#sec037}
==========

The overwhelming majority of adolescents attend school in LMICs in the WHO Western Pacific Region. Schools are a place where adolescents spend a large fraction of their lives. It should be a place that prepares and nurtures adolescents to transition from childhood to adulthood. Despite a vast and growing scientific literature on adolescent health and development, this systematic review found few studies on school-based interventions in LMICs in our region. Only eight studies met the inclusion criteria and all were published in health-related journals. This is despite a broad search strategy and expanding the search using the ERIC (educational) database to all LMICs globally.

The eight studies focused on AIDS, sexual and reproductive health, deworming, nutrition, tobacco use, obesity and suicide. No study focused on screening for health conditions or creating secure and nurturing learning environments. Only one study addressed life skills in promoting emotional well-being. However, the sample size of this study was small. While an acceptable large intervention effect size is above 0.8, the effect size for reducing aggressive behavior and externalizing syndrome among high-risk boys was only 0.48 and 0.64, respectively \[[@pone.0230046.ref019]\]. In addition, all studies were pilot research in nature. Although authors of three studies were optimistic that their interventions could be effectively scaled up to provincial or national level, however, no impact of the expansion was reported. It is unclear whether an impact evaluation was done or not and/or was not published because of negative results.

Adolescents face unique health and development issues \[[@pone.0230046.ref021], [@pone.0230046.ref022]\]. Evidence-based school health programmes should be aligned with their health priorities \[[@pone.0230046.ref023]\]. A previous study has shown that the important causes of mortality and health problems in adolescents such as mental health disorders, violence, injuries, and chronic conditions are neglected in school health services \[[@pone.0230046.ref008]\]. Therefore, school health programs should expand beyond traditional health education to support for the health and social transition of adolescents. These include screening for health and psychosocial conditions, providing counseling, creating safe and nurturing learning environments and treating for common morbidities and risk behaviors \[[@pone.0230046.ref024]\]. Screening adolescents to determine their well-being and to identify risky behaviours, and mental and physical health problems is a critical function for identifying barriers to a healthy transition to adulthood \[[@pone.0230046.ref002]\]. Screening needs to be linked with follow-up services, treatments and remediation of health problems \[[@pone.0230046.ref025]\]. Yet, we found no intervention studies on this critical topic.

Schools need to provide a safe, nurturing and healthy space for adolescents. However, schools in many countries in the region lack basic things like clean water, sufficient toilets and safe school grounds \[[@pone.0230046.ref026]\]. Schools should be a safe zone, a place of stability to counter the chaotic home environments where many adolescents come from. They should not be a place where teachers smoke in the classrooms, or where adolescent girls avoid school during the time of menstruation due to inadequate toilet facilities. They should be a place where students do not feel physically, sexually or psychologically threatened or neglected \[[@pone.0230046.ref027]\]. It should be a place where adolescents do not have physical hazards causing injury. It should be a place free of dangerous illnesses, where adolescents are immunized against common infectious diseases. Finally, it should be a place where adolescents develop resilience and achieve mental, spiritual and emotional well-being, and self-reliance through gaining life skills. We found some interventions addressed school physical environment, such as providing hygiene facilities. No study was found to address the nurturing school environments, which are creating psychosocial environment that enable adolescents' learning and development and facilitate the emotional well-being.

Research from high income countries presented four key components of effective school health services: wide engagement with community, youth focus and participation, delivery of high-quality comprehensive care, and effective governance and administrative systems \[[@pone.0230046.ref028]\]. In our review, health education and health promotion are the most common interventions, and the Health Promoting School framework has been widely used in school-based programmes. Changing school health policies and environments, and incorporating health education into the curriculum are the key preconditions of success. School health policies should be developed to provide the schools with guidance on how to implement health promotion programs. Presence of health policies will not only contribute to program sustainability, but will likewise improve compliance and participation of teachers, students and other stakeholders to various adolescent school health programs\[[@pone.0230046.ref010]\].

Most of the studies noted the importance of involvement of stakeholders for a successful intervention. Involvement of school community members such as parents, religious leaders, teachers, principals may contribute to a sustainable mechanism for program implementation \[[@pone.0230046.ref010]\]. Changing school environment will also need the support and coordination from educational and/or municipal administrative sectors. Another facilitator of success is the use of peer education as an approach to deliver knowledge and promote behavior change among adolescents. Peer connections, peer modelling, and awareness of peer norms are protective against violence, substance use and risky sexual behaviors \[[@pone.0230046.ref022]\]. For example, Malaysian adolescents who had problems with peers were found to be more likely to suffer from depression \[[@pone.0230046.ref029]\]. However, training on positive peer relationships reduced bullying and depression among Korean adolescents \[[@pone.0230046.ref030]\]. These finding can provide valuable programmatic implications for counties in the Region to design effective interventions.

In our review, informal peer education with small groups was associated with not only increasing knowledge, but also slightly reducing risky sexual behaviours among secondary school students \[[@pone.0230046.ref018]\]. In the AIDS prevention study in the Philippines, the authors recognized that teaching about modern methods of contraception in the school might create a conflict between the Catholic Church and the Government. After discussion with school teachers, teachers\' support for including condom use in the curriculum was obtained as an HIV preventive method rather than birth control method \[[@pone.0230046.ref017]\]. The study in Cambodia focused on suicide prevention. The same intervention showed improvement among high risk male adolescent but not among the girls. This indicates that gender-and culture-specific interventions might lead to better results \[[@pone.0230046.ref019]\].

Limitations {#sec038}
===========

The small number of studies included in the review hampers synthesizing data and drawing generalizable conclusions that apply to all low- and middle-income countries in the Region. While studies were not excluded on the basis of language, most of the available databases used are English-dominated. Given the great diversity of languages in our Region, some studies written in local languages might exist which we could not locate. All eight studies had a least one quality concern, be in small sample size, low effect size or high risk of research bias. Lastly, often a huge gap exists between practice and research. For example, since the late 1990s, international non-government organizations and government agencies had implemented at least 14 different school-based programmes in Cambodia. However, only four papers were published after the year 2000. In addition, many school-based health studies focused on evaluating the process rather than impact. In our review, around a quarter of full-text studies assessed for eligibility were excluded because of the absence of impact data. Thus, a cautious interpretation of intervention effectiveness is needed.

Interpretations {#sec039}
===============

Since the launch of the WHO report on Health for the World's Adolescent in 2014, Member States in the WHO Western Pacific Region have raised demands for evidence-based actions to promote the health and development of adolescents. Schools are a place where adolescents spend a large fraction of their lives. It should be a place that prepares and nurtures them to transition from childhood to adulthood. Despite the critical importance of adolescents attending safe, nurturing and healthy schools, our review found only eight school-based health interventions conducted in LMICs in the Region. It is noteworthy that no health-related interventions were found in any LMICs globally in the education literature. Some countries have reported successful interventions for adolescent health, but the effect size is low, the impact is limited and the results have high risk of bias. Despite these limitations, current studies have contributed to provide evidence on facilitating factors in implementing effective interventions. These findings will enrich the limited body of scientific evidence and help each country to contextualize and scale up school based interventions. Future studies are needed to evaluate the long-term effectiveness of interventions addressing the health needs of adolescents, focusing on integrated strategies to improve early screening, diagnosis, treatment and referral and creating secure and nurturing learning environments.
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